Maternal serum AFP concentrations were measured by a solid-phase radioimmunoassay developed by Dr Tony Bolton and described in detail elsewhere (Brock et al., 1978) . Amniotic fluid AFP was determined by rocket immunoelectrophoresis (Brock and Sutcliffe, 1972) . The upper limit of normal for each week of gestation has already been defined 
One of the most rapidly growing uses of diagnostic amniocentesis is for the mother whose indication is a raised serum alphafetoprotein (AFP) value. The Report of the United Kingdom Collaborative Study on Alphafetoprotein in Relation to Neural Tube Defects (1977) has documented the risk of fetal spina bifida and anencephaly in pregnancies with defined levels of maternal serum AFP. However, a high serum AFP may also indicate intrauterine death, threatened abortion, congenital nephrosis, exomphalos, duodenal or oesophageal atresias, or other fetal disorders (Seppala, 1977) . Since a raised serum AFP is usually followed by diagnostic amniocentesis, it seems obvious that these amniotic fluids should be examined in ways most appropriate to the possible outcome of the pregnancy. In this paper we present evidence that careful examination of the number and properties of the amniotic fluid cells, together with amniotic fluid AFP assay, offers more precise information on fetal condition than the more conventional AFP assay alone.
Materials and methods

AMNIOTIC FLUIDS
Amniotic fluids were obtained at 15 to 24 weeks' gestation by transabdominal amniocentesis. Most were samples obtained because the mother had Received for publication 21 December 1977 2 successive serum AFP values above the 95th centile of the normal range. Some samples were from a second amniocentesis where the original indication had been maternal age, a previous affected child, or family history of genetic disease, and where the first amniocentesis specimen had a marginally raised amniotic fluid AFP value. In all the pregnancies involved, fetal karyotypes were reported within the normal time span for the laboratory.
AFP DETERMINATIONS
Maternal serum AFP concentrations were measured by a solid-phase radioimmunoassay developed by Dr Tony Bolton and described in detail elsewhere (Brock et al., 1978) . Amniotic fluid AFP was determined by rocket immunoelectrophoresis (Brock and Sutcliffe, 1972) . The upper limit of normal for each week of gestation has already been defined The rapidly adherent cells were classified by their morphology as described in and . The major groupings are:
(1) Neural cells. These comprise long cells (both bipolar and fibroblastic types), cells with fine filamentous pseudopodia, large vacuolated cells, and multinucleated giant vacuolated cells.
(2) Placental cells. These differ from neural cells in lacking cytoplasmic granulations and inclusions. Their most characteristic feature is an eccentrically placed nucleus appearing as a 'cap' at one end of the cell. Occasionally multinucleates are found, but these are small groups which lack vacuolations and cytoplasmic bridges.
(3) Peritoneal cells. These are of 2 main groups, the peritoneal macrophages which have cytoplasmic vacuolation, and cells with eccentrically placed nuclei.
(4) Epithelioid cells. These are large pale-staining squamous cells which usually have a small nucleus.
Results
CELL NUMBERS
Counts of the number of total and viable amniotic fluid cells were made in 217 fluids obtained between 15 and 24 weeks' gestation from pregnancies where the outcome was a normal fetus. The total cell counts per ml amniotic fluid at each gestation are shown in Fig. 1 with values from the abnormal fetuses (25 cases of anencephaly, 21 cases of spina bifida, 2 cases of exomphalos, 2 cases of intrauterine death, and 2 cases of urogenital atresia) shown as open circles. It can be seen that, in general, cell numbers increase as gestation progresses, though there is considerable scatter. In part this variation may be the result of the 3 different methods of estimating gestation; clinical assessment, from the date of LMP, and by ultrasound measurement of biparietal diameter.
The relation of viable cell numbers to gestation is shown in Fig. 2 , with the cell counts per ml amniotic fluid from the abnormal fetuses seen as open circles. The viable cell counts show rather less variation than total cell counts. Where maternal blood cells were present in large numbers there were problems of the maternal blood clots trapping viable cells and thus reducing cell numbers. In samples with no maternal blood, only the fluids from the 4 cases of urogenital atresia and intrauterine death had viable cell numbers of less than 600 cells/ml amniotic fluid. An interesting case is that of fetus A25/7 where the gestation was estimated to be 16 weeks from the ultrasound measurement of biparietal diameter, but was 19 weeks by dates (Table 1 An interesting difference is shown in the amniotic fluid cells from the fetus with iniencephaly and spina bifida (A95/6) ( Fig. 5 and 6 ) when compared with the cells from the fetus with exomphalos (A84/7) (Fig. 7) .
The amniotic fluid from the iniencephalic obtained at 16 weeks' gestation had 13% adherent viable cells while that from the exomphalos had 10% (Table 1) .°T hough there was a similarity in the number of adherent cells, the cell types were very different ( Table  2) is, in the normal spina bifida range) ( (Sutherland et al., 1973; Nelson et al., 1974) . Originally, these cells were termed macrophages by virtue of the ability of some of them to phagocytose sensitised sheep red cells (Sutherland et al., 1975) . We have previously noted that they consist of a variety of different morphologies and have renamed them functionally as rapidlyadhering (RA) cells . They appear to originate from the fetal brain and spinal cord , and though mainly evident in cases of fetal anencephaly, may also be seen in small open spina bifida lesions (Brock and Gosden, 1977a) . A significant finding has been that RA cells of quite distinctive morphology appear in the amniotic fluid when the fetus has exomphalos or when the placenta has been traumatised . This has led us to suggest that antenatal diagnosis of congenital malformations should be based not on AFP assay alone, but also on detailed examination of the amniotic fluid cells (Brock and Gosden, 1977b) . In this paper we present the evidence for this assertion. Counts of total and viable cells increase with advancing gestation (Fig. 1 and 2) , as has been noted by previous workers (Nelson, 1973) . The distribution of viable cells shows less scatter than that of total cells. None of the abnormal pregnancies had unusually high cell counts, though in case A25/7 the viable cell count was helpful in assessing the dis- Fig. 3 (Brock, 1977) .
In many amniotic fluids where the fetus has anencephaly, very large numbers of RA cells can be observed, thus rendering quantitative estimates redundant. However, the diagnosis of fetal anencephaly by amniotic fluid AFP assay is seldom a problem, and in our experience of 45 cases values were always more than 10 SD above the mean value for the week of gestation (Brock, 1977) . Where quantitative RA cell counting is necessary is in the diagnosis of spina bifida and in the differential diagnosis of neural tube defects and other fetal abnormalities, such as exomphalos. Here we have shown that RA cell proportions must be based on viable cell counting rather than total cell counting ( Fig. 3 and 4) . Total cell counting, though marginally easier, obscures information on the type of lesion and leads to significant numbers of normal proportions for severe congenital lesions (Fig. 4) . In (Fig. 8) .
Though cell counting is important, the real value of amniotic fluid cell morphology lies in the variety of cellular types which may be encountered. In this paper we have classified RA cells into 4 main groups: neural cells, peritoneal cells, placental cells, and epithelioid cells (Table 2 ). These have been described in detail and their origins discussed elsewhere . Epithelioid cells are, of course, seen in all amniotic fluids, but their adherence rate is low and if the fetus has a neural tube defect or exomphalos, or if the placenta is grossly traumatised, they may not be detectable on a coverslip removed after 20 hours in culture (Table 2 ). Individual cell types may overlap between groups (for example, vacuolated cells are found in both neural and peritoneal groups), but in general the groupings are distinct and we have had little difficulty in the differential diagnosis of neural tube defects, exomphalos, and normal fetuses with traumatised placentae on the basis of cell morphology. It is also worth noting that in 2 cases of intrauterine death, where the amniotic fluid AFP values were greater than 10 SD above the mean, the few RA cells encountered were epithelioid in nature.
In Table 3 , a scheme for the differential diagnosis of fetal abnormalities is presented. It uses serum and amniotic fluid AFP, total, viable, and RA cell counts, and the examination of the morphology of those cells adherent after 20 hours in culture. It is based on a comparatively limited experience (217 normal pregnancies and 52 fetal abnormalities), and must therefore be seen as tentative. It is our hope that it will serve as an amendable model for those concerned with definitive antenatal diagnosis of fetal defects.
